Nine alkaloids, including one new norsecurinine derivative norsecurinic acid (1), and two artificial alkaloid products, 15β-butoxy-14,15-dihydronorsecurinine (2) and 15α-butoxy-14,15-dihydronorsecurinine (3), were isolated from the root of Flueggea virosa. Their structures and configurations were elucidated by chemical and spectroscopic methods, especially 2D NMR techniques.
The root of Flueggea virosa Roxb. ex Willd (Euphorbiaceae) has been used for a long time in Traditional Chinese Medicine (TCM) for the treatment of rheumatism, pruritus, cephalic eczema, leucorrhoea, and injuries.
[1] Phytochemical studies on this plant [2] resulted in the isolation of a number of indolizidine type alkaloids known as Securinega alkaloids, and some of them showed strong cytotoxicity. [3] The interesting stereochemistry and biological significance of Securinega alkaloids are also the challenging project of synthetic chemists. In our study on this TCM plant, besides the recently reported two novel dimeric indolizidine alkaloids, flueggenines A and B (8 and 9), [5] seven more alkaloids, including one new norsecurinine derivative norsecurinic acid (1), and two artificial alkaloid products, 15β-butoxy-14,15-dihydronorsecurinine (2) and 15α-butoxy-14,15-dihydronorsecurinine (3), were isolated from the root of F. virosa. Herein, we describe the isolation and structural identification of these alkaloids. .1 attributable to C-13, C-14, C-15 and C-12, respectively, and seven sp3 carbon signals including a quaternary carbon at δ 80.8, two methines and four methylenes. By comparison of 13 C NMR data of 1 with that of (−)-norsecurinine (4) (Table 2), the quaternary carbon signal assignable to the C-9 was strongly upfield shifted, suggesting that the α,β-unsaturated γ-lactone of 4 was opened in compound 1. The 1 H and 13 C NMR spectra were fully assigned by the HSQC and ROESY spectra, and the ROESY spectrum also revealed the relative configuration of 1 (Figure 1 ). To confirm the structure assigned for alkaloid 1, a chemical conversion from (−)-norsecurinine (4) into 1 was conducted successfully (Figure 1 , and also see Experiment section). 15β-Butoxy-14,15-dihydronorsecurinine (2) was obtained as a white amorphous powder, and its molecular formula, C 16 H 23 NO 3 (olefinic bond). The 1 H NMR spectrum (Table 1) showed an olefinic proton signal at δ 5.62 (1H, d, J = 2.4 Hz) assignable to H-12. The 13 C NMR and DEPT spectra (Table 2 ) revealed a carbonyl signal at δ 173.0, and two olefinic carbon signals at 172.1 and 110.3 ppm, supporting the existence of an α,β-unsaturated γ-lactone. The aforementioned data, as well as six degrees of unsaturation required by the molecular formula of 2, indicated that 2 was also a norsecurinine type alkaloid having a saturated C-14−C-15 bond. The presence of a butoxyl group was identifiable by analysis the NMR data. An oxygenated methine at δ 79.0 ppm was assigned to the C-15 bearing the butoxyl group as determined by the HMBC correlations of H 2 -1′ to C-15 and H-15 to C-1′ (Figure 2 ). The HMBC spectrum of 2 also confirmed the planar structure of 2 as showed in Figure 2 . The relative configuration of 2 was determined on the basis of a NOESY spectrum (Figure 3 indicated that they were co-facial and arbitrarily assigned as the α-configuration. Thus, the structure of 2 was elucidated as 15β-butoxy-14,15-dihydronorsecurinine.
15α-Butoxy-14,15-dihydronorsecurinine (3), a colorless solid, showed a molecular formula C 16 H 23 NO 3 as determined by HREIMS at 277.1661 [M + ] (calcd 277.1678). The IR, 1 H and 13 C NMR spectra implied that 3 was a stereo isomer of 2,which was confirmed by the HMBC spectrum (Figure 2) . Its 1 H NMR (Table 1) , 13 C NMR and DEPT (Table 2 ) spectral data further indicated that the only stereo difference between 3 and 2 was likely at C-15, suggesting that alkaloid 3 bore a 15α-butoxy. By comparing with 2, the obviously upfield shifted carbon signals of C-15 at δ 76.8 ppm (79.0 ppm in 2) and C-8 at δ 29.7 ppm (31.7 ppm in 2) of 3 were ca The relative configuration of 3 was confirmed by a NOESY spectrum (Figure 3) , in which, the correlations of H-15/H-2, H-2/H-4β indicated that they were β-oriented. The alkaloid 3 was thus elucidated as 15α-butoxy-14,15-dihydronorsecurinine. 15β-Butoxy-14,15-dihydronorsecurinine (2) and 15α-butoxy-14,15-dihydronorsecurinine (3) are most likely artificial products formed in the process of partition involving n-butanol as the solvent (see Experimental section).
The alkaloids 4−7 were identified as (−)-norsecurinine (4) [2a] , bubbialidine (5), [7] niruroidine(6), [8] (−)-securinine (7) [4b] by spectral data, respectively. Alkaloids 5 and 6 were isolated from this plant for the first time.
The in vitro activity of alkaloids 2-4 were tested against the P-388 murine leukemia and A-549 human lung carcinoma cell lines by using the MTT [9] and SRB [10] methods, but none of them was active. Alkaloid 4 was inactive on the tests against several bacteria (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, Sarcina, Helicobacter pylori) and fungi (Candida albicans, Scupulariopsis fimicola, Trichophyton rubrum, Aspergillus niger) by the microdilution assay [11] .
Experimental
General Experimental Procedures: Optical rotations were measured on a Perkin-Elmer 341 polarimeter. UV spectra were measured on a CARY 300 Bio UVVisible spectrophotometer. IR spectra were recorded on a Perkin-Elmer 577 spectrometer with KBr disks. NMR spectra were measured on a Bruker AM-400 spectrometer with TMS as internal standard. EIMS (70 eV) and ESIMS were carried out on a Finnigan MAT95 mass spectrometer and a Finnigan LC Q DECA instrument, respectively. All solvents were of analytical grade (Shanghai Chemical Plant, Shanghai, People's Republic of China). Silica gel (200-300 mesh) was used for column chromatography, and precoated silica gel GF254 plates (Qingdao Haiyang Chemical Plant, Qingdao, People's Republic of China) were used for TLC. C18 reversed-phase silica gel (150-200 mesh, Merck), MCI gel (CHP20P, 75-150 μm, Mitsubishi Chemical Industries Ltd.) and Sephadex LH-20 gel (Amersham Biosciences) were also used for column chromatography. Chemical transformation of 4 into 1: To a solution of THF (5 mL) containing 10 mg of (−)-norsecurinine, 1M LiOH aq (5 mL) was added at room temperature. The reaction mixture was stirred for 4 h and then adjust to pH=7 with acetic acid. After workup, the crude product was purified on an RP-18 silica gel column (20% MeOH in H 2 O) to give an alkaloid (6 mg), whose TLC, ESI-MS and 1 H NMR were identical to those of 1. 
